This paper presents the network output load at the Fully Functional Device (FFD) and Reduced Functional Devices (RFD"s) of IEEE 802.15.4 for different modulation schemes. From the simulations it is revealed that Minimum Shift Keying (MSK) is best suited for all types of devices in 802.15.4 for wireless sensor networks (WSNs) if the network output load is to be maximized as more is the output load, more will be the net throughput. Simulations also reveal that Binary Phase Shift keying (BPSK) at all type of devices and Quadrature Amplitude Modulation of 64 bits (QAM_64) at the PAN (Personal Area Network) coordinator are unsuitable.
INTRODUCTION
In the past decade several short range wireless technologies have been developed as an answer to the increasing demand for portable and flexible connectivity. In addition to the upsurge in the deployment of IEEE 802.11 based Wireless Local Area Networks (WLANs), few complementary low-power and lowcost technologies, among which IEEE 802.15.4, are establishing their place on the market as enablers of the emerging Wireless Sensor Networks (WSNs). The IEEE 802.15.4 standard was specifically developed to address a demand for low-power, lowbit rate connectivity towards small and embedded devices. Furthermore the standard is trying to solve some problems that were inadequately taken into account by Bluetooth technology.
The choice of the digital modulation scheme in IEEE 802.15.4 significantly affects the output load at the different types of devices in wireless sensor communication system. There is no universal "best" choice of the modulation scheme, but depending on the physical characteristics of the channel, parametric optimizations and required level of performance some will prove better fit than the others. The 802.15.4 is an IEEE standard, targeting a set of applications that require simple wireless connectivity, high throughput, very low power consumption and lower module cost.
Despite the intense research and standardization tasks performed over the last years on maximizing the network output load, still many open issues are to be dealt with before wireless sensor networks can be utilized on large scale. Researchers have carried out the research in various areas [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Some have investigated various performance issues like: Delay, Throughput evaluation of GTS mechanism [1] . Few have studied load balancing in wireless mesh networks [4] . Some researchers have tried to distribute the load in wireless sensor networks [6] . Few others have forecasted peak load in the neural networks [10] . Some others have coupled the network load for different applications [12] .
But none of the researchers have so far compared the modulation schemes for maximizing the network output load at different types of devices in IEEE 802.15.4 for wireless sensor networks. This paper proposes the comparison of three different modulation schemes (MSK, BPSK, QAM_64) to determine the suitability of the scheme according to the device type (FFD/RFD) to maximize the network output load.
The paper is outlined as: Section [1] consists of the Introduction. Section [2] constitutes the system description which contains node model, process model, and parametric tables of the model. Section [3] shows the results and discussions derived from the experiments carried out on 802.15.4 for different modulation schemes. Finally Section [4] concludes the paper. As it has been observed from the Figure 2 (a), a node model for PAN Coordinator, GTS end device and Non GTS end device has three layers: physical, MAC and application layers. Physical layer consists of a transmitter and a receiver compliant to the IEEE 802.15.4 specification, operating at 2.4 GHz frequency band and data rate equal to 250 kbps. MAC layer implements slotted CSMA/CA and GTS mechanisms. The GTS data traffic coming from the application layer is stored in a buffer with a specified capacity and dispatched to the network when the corresponding GTS is active. The non time-critical data frames are stored in an unbounded buffer and based on slotted CSMA/CA algorithm are transmitted to the network during the active Contention Access Period (CAP). This layer is also responsible for the generation of beacon frames and synchronizing the network when a given node acts as a PAN Coordinator. Finally is the topmost application layer which is responsible for generation and reception of traffic consists of two data traffic generators (i.e. Traffic Source and GTS Traffic Source) and one traffic sink. The traffic source generates acknowledged and unacknowledged data frames transmitted during CAP. GTS traffic source can produce acknowledged and unacknowledged time-critical data frames using GTS mechanism. The traffic sink module receives frames forwarded from lower layers. Figure 2 (b) shows the node model for the analyzer which consists of sink and a radio receiver.
SYSTEM DESCRIPTION
Corresponding process models for PAN Coordinator, GTS end device, Non GTS end device and analyzer that deals with each and every operation on the data are depicted in Figure 3 : Init whose function is to initialize MAC and GTS scheduling; Wait_beacon which is responsible for synchronizing the traffic of the node with rest of the WPAN in order to minimize the collisions; Idle which is responsible for introducing delays in order to make the maximum use of the resources; gts_slot which is responsible for generation, reception and management of GTS traffic; Backoff_timer used for sensing the medium and transfer of data, CCA -for interrupt processing. Similarly figure 3 ( 
RESULTS AND DISCUSSIONS
Simulative study has been carried out for the three different scenarios of 802.15.4: Quadrature (QAM_64), MSK and BPSK. In this section simulative results for the network output load have been presented and discussed for different types of devices in 802.15.4 for wireless sensor networks like: Fully functional Devices (FFD) -those devices that communicate with each and every device in the network in point to point mode and manage the routing tables, Reduced Functional Devices (RFD) -those devices which can communicate only to the FFD but not to the other RFD"s. Figure 4 below indicates that the network output load at the PAN coordinator is: 41936.9 bits/sec for MSK and almost comparable for BPSK and QAM_64 which is: 33623.3 bits/sec. It is observed that network output load is maximum in case of MSK as it is spectrally efficient due to it constant envelope, good BER and self synchronizing capability. Also MSK suffers less from the adjacent signal interferences as it has smooth phase shifts at the symbol boundaries which results in the lower side lobes as compared to other modulation schemes [7, 11] . Also it is observed that load is minimum in case of BPSK & QAM_64 (almost comparable) as BPSK is able to modulate only 1 bit/sec and QAM_64 is more susceptible to noise as the decision points are more close to each other [9] . Figure 5 below depicts that the network output load at the GTS end device is: 4456.6, 502.3 and 334.3 bits/sec for MSK, QAM_64 and BPSK respectively. It is observed that network output load is maximum in case of MSK [7, 11] .Also it has been observed that load is minimum in case of BPSK [9] . Figure 6 below shows that the network output load at the Non GTS end device is: 40518.7, 33469.3 and 29240.8 bits/sec for MSK, QAM_64 and BPSK respectively. It is observed network load is maximum in case of MSK [7, 11] . Also it has been observed that network output load is minimum in case of BPSK [9] . 
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CONCLUSIONS
